The gas dissociation rate and tolerance to dissociation products of an e -beam sustained CO2 laser have been measured. Implications to gas life, catalysis and scaling are discussed.
INTRODUCTION
A number of applications are emerging requiring efficient, long pulse, long life, sealed CO2 lasers.
Examples include the proposed NASA and ESA wind lidars. Electron -beam sustained operation is a strong contender on efficiency and pulse length grounds, but information is lacking on gas dissociation characteristics.
Once these have been determined, CO oxidation catalyst requirements for sealed operation can be assessed provided the discharge tolerance to dissociation products is known. This study addresses the gaps in our knowledge.
TECHNIQUE
The repetitively pulsed e-beam sustained laser was constructed of clean materials (mostly metals), and the inter -electrode gap could be varied. Gas analysis for oxygen and carbon monoxide was performed using paramagnetic and IR absorption analysers respectively. These were placed in an external flow loop through which the sealed laser gas was continuously recirculated. Figure 1 illustrates typical results for the oxygen concentration (similar results were obtained for CO, at approximately twice the levels). As might be expected, dissociation products built up linearly with charge passed at a rate of about 30 µ moles O2 /Coulomb. This rate is much greater than calculated from impact by secondary electrons having the known plasma electron temperature, suggesting that dissociation may be confined to the high Te region of the cathode sheath. This was confirmed by the unchanging dissociation rate on altering the inter -electrode gap, or by altering the plasma electron temperature or cathode material, as shown in Figure 2 . Similar experiments performed without the main discharge revealed that roughly 10% of the total dissociation was caused by the primary electrons alone, as shown in Figure 3 . This was also a gap -independent effect, but in the absence of a sheath, must be a true surface effect -strongly supported by altering the CO2 concentration; as shown in Figure 4 an adsorption isothermal shape results. The magnitude of the effect -3000 dissociations /primary electron -is not understood.
DISSOCIATION RATES

TOLERANCE OF PLASMA TO DISSOCIATION PRODUCTS
Deliberate addition of small amounts of 02 or CO was carried out to measure their effect on discharge impedance. CO had no effect; that of oxygen appears in Figure 5 where we find a linear increase of impedance with added oxygen concentration, indicating electron loss by attachment as expected. The same results are obtained for the actual dissociation products as for deliberately added oxygen, namely impedance doubling at the 1% 02 level. 
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TOLERANCE OF PLASMA TO DISSOCIATION PRODUCTS
Deliberate addition of small amounts of ©2 or CO was carried out to measure their effect on discharge impedance. CO had no effect; that of oxygen appears in Figure 5 where we find a linear increase of impedance with added oxygen concentration, indicating electron loss by attachment as expected. The same results are obtained for the actual dissociation products as for deliberately added oxygen, namely impedance doubling at the 1% ©2 level.
Unlike constant -voltage self-sustained discharges, e-beam sustained discharges are ohmic and their behaviour can be understood in terms of simple resistive division with the PFN characteristic impedance. Thus diagrams such as Figure 6 may be drawn showing discharge running and residual voltages, and energy deposition as a function of oxygen concentration. As oxygen builds up the discharge voltage and thus E/N increase above the matched case but the effect is not serious at the H% 02 level. At very high levels the voltage will rise to such an extent that the glow 9 arc transition may set in. In practice it would probably be possible to offset the impedance change due to oxygen by increasing the gun current, whereupon tolerable oxygen levels would be limited by CO2 loss. It is important to note that catastrophic arcing is much easier to avoid in e -beam lasers than in their self-sustained counterparts.
Small-signal gain measurements showed that dissociation products influence the gain only through impedance changes. This is because neither 02 nor CO absorb at the wavelength of interest. Examples of such results are given in Figure 7 .
CONCLUSIONS
We have found that gas dissociation depends only on charge passed, 30 pmol 02 being produced per Coulomb, in the cathode sheath. This result is size independent and therefore has dramatic consequences for scaling. The discharge is more tolerant of oxygen than self-sustained plasmas. Consequently CO oxidation catalyst requirements are substantially reduced compared with the self-sustained case, typically by about one hundred times.
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